An Early Snowball Earth?
In their article "A Neoproterozoic snowball Earth" (Reports, 28 Aug., p. 1342), Paul F. Hoffman et al. report that global ice-house conditions existed during the Proterozoic, as inferred from negative carbon isotopes in carbonate rocks from Namibia. These conditions are said to have led to the near termination of life on Earth. In summary, the hypothesis suggests that global glaciation existed until volcanic outgassing increased carbon dioxide (CO2) concentrations to 120,000 parts per million of volume, at which time the global ice-house conditions collapsed. Several issues of geology and climate, however, remain unresolved. It would have been difficult for the ocean to completely freeze because of its large thermal capacity and the wind-driven and thermohaline circulation. The equatorial ocean would have been buffered from sea ice by the high, year-round incident solar radiation at the surface, and therefore very thick ice would have needed to be present. Early studies of energy balance models suggest that a 5% reduction could generate a snowball Earth; however, more recent studies suggest that the solar forcing must be reduced by more than 10% to produce global glaciation by means of the icealbedo feedback mechanism when large expanses of ocean exist (2). As for a high obliauitv. there is no definitive evidence to suggest that Earth's obliquity was very different from that of the present or that high-latitude temperatures were warmer than those of low latitudes during the Neoproterozoic. Finally, there is evidence of low-latitude carbonates and evaporites along with glacial deposits during the late Proterozoic An alpine glacial interpretation can be ruled out for reasons given in our original report: there were no mountains in the region at the time of the Ghaub glaciation. The glacial deposits occur within a broadly conformable succession of shelf carbonates, extending for more than 400 kilometers landward of the shelf edge where our study was conducted (6) . Virtually all the glacial debris is from sources on the carbonate shelf. Mountains did form during the assembly of Gondwana, which involved the closure of oceans flanking the Congo Craton. Our study area, located on the southwestern salient of the craton, was directly affected by closure of the ocean to the west and south (present-day coordinates). The first deformation related to this closure [less than 550 million years ago (7)] folded the entire shelf carbonate succession enclosing the glacial deposits and clearly postdates the glaciation, which occurred 700 to 750 million years ago. The eastern ocean closed in two stages-680 million years ago and less than 550 million years ago (7), and the mountain belt related to its closure was located 1900 kilometers east of our study area. The dramatic rise in the ratio of strontium-87 to strontium-86 in the Neoproterozoic ocean that is commonly taken to signal an erosion flux associated with the Pan-African orogeny occurs only after the last of the proposed snowball glaciations 580 million years ago (8).
The snowball Earth hypothesis explains the most salient features of the Neoproterozoic sedimentary record, including low-latitude glaciations, banded iron-formations, cap carbonates, and carbon isotopic excursions, but Jenkins and Scotese offer no alternative explanation.
